Purpose: To evaluate long-term skin reactions following breast-conserving therapy by using the melanin-erythema index meter. Patients and Methods: 164 patients were followed for at least three years after breast-conserving therapy. For both the erythema and the melanin indices, the ratio of the irradiated-side index to the non-irradiated-side index was calculated. The time course of index ratios alternation was examined. Influences from additional therapies and patients' age were also evaluated. Result: Both erythema and melanin index ratios of the breast skin were recovered to pre-radiation level three years after radiotherapy. However, both index ratios of the area administrated with 10-Gy boost irradiation were still high even after five years after radiotherapy. Endocrine therapy, chemotherapy and age had no significant influence on skin color reactions three years after radiotherapy. Conclusion: Quantitative assessment using the melaninerythema index meter demonstrated that chronic skin reactions following breast conserving therapy had recovered to pre-radiation level for three years after irradiation except for the 10-Gy boost irradiated area.
Introduction
The morbidity of breast cancer has been increasing in Japan, and breast cancer has become the first common cancer among Japanese women. Breast conserving therapy is the treatment of choice for early breast cancers [1] [2] and the number of breast cancer patients undergoing breast conserving therapy has been increasing in Japan [3] . The role of radiotherapy is considered important for local control and post-operative radiotherapy is strongly recommended. For good prognosis, it is crucial to assess quality of life and adverse effects caused by surgery and irradiation in addition to survival or recurrent rates [4] [5] . Skin changes are important factors in adverse effects. Adverse effects of radiotherapy on the skin are as follows: erythema, damages of sweat gland, dry desquamation and moist desquamation as acute reactions; hyperpigmentation, dyspigmentation, telangiectasia, atrophy, ulcer and necrosis as chronic adverse reactions [6] - [8] . There are some criteria to evaluate radiation adverse effects [9] [10]; however, there have not been sufficient studies objectively assessing skin reactions following radiotherapy. We have already reported an objective method to assess acute skin reactions after breast conserving therapy using the melanin-erythema index meter (Mexameter® MX 18) [11] . In this study, we used this method and evaluated the chronic skin reactions following breast conserving therapy.
Patients and Methods

Patients
The patients' characteristics are shown in Table 1 . There were 164 patients who underwent radiotherapy following breast conserving surgery in our radiology department from January 2007 to December 2009 and were followed periodically on an outpatient basis for 3 years or more after radiotherapy. Seventy of these patients Abbreviation: E = epirubicin, C = cyclophosphamide, D = docetaxel, T = paclitaxel, F = 5FU, M = methotrexate.
were followed for 5 years after radiotherapy. Whole breast irradiation was conventionally performed as follows: 4 MV X-ray, tangential field, wedge filter 15˚, 2 Gy/day, 5 fractions/week and total dose 50 Gy. Additional boost irradiation was administered to 31 patients with positive or close surgical margins; 10 Gy/5 fr of 7 or 10 MeV of electron beam radiation was additionally applied to the tumor bed.
This study was approved by our institutional reviewed board, and informed consent was obtained from the patients for the examinations.
Methods
The measurements were performed on the Multiprobe adaptor MPA: Mexameter® MX 18 (Integral, distributor for Courage + Khazaka Electronic GMBH, Germany). Mexameter® is an instrument that calculates melanin and erythema indices by using differences in the absorption between melanin and hemoglobin. Skin reflectance was measured by applying three different wavelengths (568 nm: the absorption peak for hemoglobin, 660 nm: no absorption for hemoglobin, and 880 nm: almost no absorption for hemoglobin and melanin) to calculate the hemoglobin and melanin indices (the erythema index and the melanin index, respectively) [12] .
Breast skin that was sufficiently distant from the surgical scar was selected for measurements' point in each patient in order to eliminate the skin changes caused by the surgical procedures. For comparison, the corresponding area of the non-irradiated breast was analyzed in the same manner. Four measurements were taken at each site in the sitting position; the average of the four measurements was used in the analysis. Measurements were taken before and at the end of radiotherapy and for 3 years or more after the completion of radiotherapy.
For both the erythema and the melanin indices, the ratio of the irradiated-side index to the non-irradiated-side index was calculated. The relationship between the changes in the index ratios and the length of time after radiotherapy was assessed. In the 164 patients who were followed for three years or more after the completion of radiotherapy, the time course for the erythema and melanin index ratios alternation was determined. For patients who had additional electron beam irradiation, the erythema and melanin indices were determined not only for the breast skin, but also for the skin where the electron beam irradiation was applied. A ratio of the 10-Gy boost irradiated-area index to the index of the irradiated side where boost irradiation was not applied was calculated, and the correlation between the index ratio and the length of time following radiotherapy was determined.
The index ratios at three years after radiotherapy were evaluated to examine the influences by endocrine therapy, chemotherapy and the age of the patient. Table 1 shows the details of each group.
Statistical Analysis
Paired t-test and one-way repeated measure ANOVA were used for the evaluation of significance in time course skin changes. Unpaired t-test and one-way factorial ANOVA and multiple comparison tests were used for the evaluation of influences in additional therapies and age. A p-value of less than 0.05 was taken as significant. Figure 1(a) shows time course of erythema index ratio. Erythema index ratio before irradiation had no remarkable differences in both breasts (mean ± SE: 1.089 ± 0.026). Erythema index ratio also showed a significantly high value at the end of radiotherapy, then decreased gradually for three years after radiotherapy with statistical significance. However, no significance was recognized after three years.
Results
Time Course for Skin Color Alternation a) Erythema index ratio
We divided erythema index ratio values into three groups: high (1.2 or over), medium (under 1.2, and 0.8 and over), and low (under 0.8). Almost eighty percent of patients had high erythema index ratios at the end of radiotherapy and gradually decreased thereafter. On the other hand, low erythema index ratios appeared one year after radiotherapy and a quarter of our patients had low erythema index ratio three years after radiotherapy (Figure 1(b) ).
b) Melanin index ratio Figure 2 (a) shows time course in melanin index ratio alternation. Melanin index ratios were low before radiation therapy (mean 0.900 ± 0.028); this signifies that the melanin index of the affected side is lower than that of the healthy side even before irradiation. Melanin index ratio at the end of radiotherapy showed no significant change compared to ratio of pre-radiotherapy. Melanin index ratio also increased one year after radiotherapy and then decreased for three years after radiotherapy in a statistically significant manner. We divided melanin index ratio values in the same manner as erythema index ratio values. Figure 2 (b) shows patients with low melanin index ratio increasing gradually after radiotherapy, and almost thirty percent of them had low melanin index ratio (<0.8) at three years after radiotherapy. c) Influence of boost irradiation We examined chronological changes of index ratios in the boost irradiation field after radiation therapy. Erythema index of 10-Gy boost irradiated area was approximately 1.7 times of that of non-boost area at the completion of radiotherapy, and it was still at a high value even after five years of radiation therapy (Figure  3(a) ). Melanin index ratio showed the same pattern as that of the erythema index ratio (Figure 3(b) ).
Influences of Additional Therapies and Age
We investigated chronic influences of some factors to erythema and melanin index ratio. We compared index ratios at three years after radiation therapy in each group. a) Endocrine therapy We divided endocrine therapy into three types: aromatase inhibitor, anti-estrogen (±LH-RH agonist), and no endocrine therapy. Erythema index ratios at three years after radiotherapy of aromatase inhibitor group, anti-estrogen group, and no-endocrine group were 0.964 ± 0.032, 1.055 ± 0.044 and 1.078 ± 0.048 respectively. Erythema index ratios in aromatase inhibitor group were generally low; however, there was no statistically difference in these groups. Melanin index ratios in each group were as follows; 0.921 ± 0.026, 0.962 ± 0.046, and 0.887 ± 0.044 respectively, and no significance was recognized as a result of different types of endocrine therapy (Figure  4(a) ).
b) Chemotherapy
Erythema index ratios three years after radiotherapy of patients with chemotherapy and without chemotherapy were 1.076 ± 0.080 and 1.002 ± 0.023 respectively. Melanin index ratios were 0.871 ± 0.049 and 0.936 ± 0.023 respectively. Neither erythema index ratio nor melanin index ratio had significant differences as a result of chemotherapy (Figure 4(b) ).
b) Age at the start of radiotherapy Erythema index ratio of patients who were fifty years old or above was 1.002 ± 0.027, and that of patients under fifty years old was 1.045 ± 0.044. Melanin index ratios were 0.919 ± 0.023 and 0.946 ± 0.045 respectively. The age of the patient (fifty and above, and under fifty) at the beginning of radiotherapy had no significant influences on each skin color index ratio at three years after radiotherapy (Figure 4(c) ). 
Discussion
Breast conserving therapy is the treatment of choice for early breast cancers [1] - [3] , and it is crucial to assess quality of life and adverse effects caused by surgery and irradiation in addition to survival or recurrent rates [4] [5]. In order to evaluate skin damages, the National Cancer Institute CTCAE v.4.0 [9] and LENT SOMA Toxicity Grading [10] are used as standard guidelines. However, there have not been any sufficient studies to evaluate skin reactions objectively. There is a possibility that results differ by subjective evaluation (by the investigator or by the time of evaluation); therefore, follow-up of the patient requires an objective evaluation. Some investigators reported an objective assessment for radiation-induced skin reactions; for example, skin blood flow using a laser flow meter [13] [14] , skin temperature by thermography [15] , electrical resistance analysis [15] , skin color by L*a*b* values [16] , and moisture analyses by Corneometer® [16] .
We already reported an objective method to assess acute skin reactions following breast conserving therapy using Mexameter® (melanin-erythema index meter) in a previous study [11] . Skin color is normally affected by the amount of sub-epidermal melanin and the amount of dermal blood that is present. Mexameter® is a commercial-available instrument that calculates melanin and erythema indices by using differences in the absorption between melanin and hemoglobin [12] . The Mexameter® can be operated easily and the data can be obtained promptly by placing a probe with a built-in light emitter and light receiver on the skin surface. The Mexameter® and other similar devices have been already used to evaluate the effect of laser treatment [17] and skin reactions by UV radiation [18] .
In this current study, we evaluated chronic skin reactions that followed breast conserving therapy. To the best of our knowledge, chronic assessments for irradiated skin by using an objective method have not been reported. Erythema index ratios were at high values at the end of radiotherapy and then gradually declined. Maximum changes in Melanin index ratio were observed one year after radiotherapy and then decreased thereafter. Both erythema and melanin index ratios one year after radiotherapy were significantly higher compared with before radiotherapy. Three years after radiotherapy, the index ratios returned to pre-radiation level, and both index values became lower than that of the non-irradiated side in a quarter of our cases. It is considered to reflect one chronic adverse effect, dyspigmentation, and it is suggested that whitening of the skin after radiation results from not only dyspigmentation but also decreased blood flow.
In our data, erythema index ratios significantly declined for three years after radiotherapy; however, there was no significance in the time course of index ratios between three to five years after radiotherapy (p = 0.07). There was also no statistical significance in melanin index ratios from three to five years after radiotherapy (p = 0.7). This suggests that skin color reactions caused by 50-Gy irradiation of breast conserving therapy are considered to become stable three years after radiotherapy.
However, 10-Gy boost irradiation resulted in different reactions in our study. It was documented that administration of 10-Gy boost irradiation did not deteriorate cosmetic results, but increased the occurrence of telangiectasia [19] [20] . Yoshida et al. [16] reported that at the end of radiotherapy, lower L* values (darker) and higher a*values (more red) resulted from boost irradiation. In the present study, both erythema and melanin indices values were still higher than 50-Gy irradiated sites even five years after the completion of radiotherapy. It is considered that our method could explain severe skin damages caused by boost therapy objectively and quantitatively.
Endocrine therapy is important for breast cancer treatment, and 131 of our cases were administrated endocrine therapy. Skin color reactions at three years after radiotherapy were not influenced by endocrine therapy. Also chemotherapy had no significant effects on skin color reactions. Yoshida et al. [16] also reported no significant influences on skin color reactions by chemotherapy, but followed one year after radiotherapy. Neither patient's age at the beginning of radiation had statistical significance to both skin color indices at three years' post-radiotherapy. We chose as the cut-off for fifty years old close to the age of menopause. Forty five and fifty five years old were also examined as a cut-off, no significant difference showed (date not shown). Although there are a lot of factors including additional therapies and ages, it is considered that radiation therapy influences skin color reaction in breast conserving therapy the most. In other words, objective assessment of skin reactions is important for evaluation of adverse radiation effects.
Conclusion
This quantitative assessment using melanin-erythema index meter was considered useful in evaluating chronic skin color reactions after breast conserving therapy. It demonstrated that chronic skin color reactions following breast conserving therapy had recovered to pre-irradiation level for three years post irradiation except 10-Gy boost irradiated area.
